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What is claimed as new and desired to be protetted by Letters Patent 
of the United States is: 

1. A method of providing clocking signals ov^r a bus, said method 
comprising: 

providing a first clock signal which travels ewer a first conductive path 
of said bus in a first direction; 

providing a second clock signal which trAvels over a second conductive 
path of said bus in a second direction opposite to/said first direction; and 

causing said first and second clocty signals to have a predetermined 
phase relationship with respect to each other ^t a predetermined location on said 
bus. 

2. A method of claim 1 wherem said predetermined phase relationship 
is substantially an in-phase relationship. 

3. A method as in claim 1 or 2 wherein said act of causing comprises 
detecting the phase relationship of said first and second clock signals at said 
predetermined location and adjusting at least one of said first and second clock 
signals to obtain said predetermined phase relationship. 
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4. A method as in claim 1 or 2 wherein said/act of causing comprises 
configuring t±ie signal propagation characteristics of ay least one of said first and 
second conductors to obtain said predetermined relauonship. 

5. A method as in claim 4 wherein sai^^^a^of configuring comprises 
configuring the path length of said first and second conductors to obtain said 
predetermined phase relationship. 

6. A method as in claim 3 whereinf one of said clock signals is a data 
write clock signal and the other of said clock signals is a data read clock signal. 

7. A method as in claim 3 wherefin a plurality of input/output devices 
are connected to said bus at spaced locations, said first and second clock signals 
being supplied to said devices, and wherein said predetermined location is along 
the length of said first and second conductors between locations where said first 
and second conductors supply saicy first and second clock signals to said 
input/output devices. 

8. A method as in claim 7 wherein said predetermined location is 
substantially midway of said locations where said first and second conductors 
supply said first and second clock signals to said input/output devices. 



1214888 



Micron Ref. No. 00-0890 



-26- 



DocketNo.: M4065.0408/P408 



9. A method as in claim 7 wherein each of saM input/output devices 

comprise a memory subsystem and one of said first and( second clock signals is a 

/ 

data write clock signal, and the other of said first an/a second clock signals is a 
data read clock signal. / 

10. A method as in claim 9 whereiry said data write and data read 
signals have the same clock period and wherain said memory subsystems are 
spaced along said bus and said predetermined phase relationship and distance of 
said memory modules from said predetermi/ed location is such that the phase 
deviation of said data write and data read clock signals at any one of said memory 
subsystems is less than one half of a data Wit time. 

11. A method as in claim 10 wherein said memory subsystems are 
equally spaced along said bus. / 

12. A method as in clairnr 9 wherein each of said memory subsystems 
comprises a plurality of memory/ storage devices, and said method fiirther 
comprises receiving a data write clock signal at said memory subsystem, 
regenerating a plurality of data/ clock write signals from a received data write 
clock signal, and respectively providing said plurality of regenerated data write 
signals to said plurality memow storage devices. 
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13. A method as in claim 10 wherein esfch of said plurality of 
regenerated data write clock signals are substantially in phase with each other. 

14. A method as in claim 13 wherein each of said plurality of 
regenerated data write clock signals at said rryemory storage devices of an 
associated memory subsystem are substantially im phase with a write clock signal 
received at said associated memory subsystem. / 

15. A method as in claim 9 wheyein each of said memory subsystems 
comprises a plurality of memory storage devices and said method further 
comprises receiving a data read clock sigmal, regenerating a plurality of data read 
signals from said received data read clock signal and respectively providing said 
plurality of regenerated data read cjock signals to said plurality of memory 
storage devices. / 

16. A method as in claim 15 wherein said plurality of regenerated 
data read signals are regenerated inside a device which produces the data write 
clock signal and data read clocic signal. 

17. A method asr in claim 15 wherein said regeneration of said data 
read clock signals occurs atn motherboard which contains said bus. 
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18. A method as in claim 15 wherein /^ne of said plurality of 
regenerated data read clock signals is used in said Act of detecting said phase 
relationship. / 

19. A method as in claim 15 whecein said each of said plurality of 
regenerated data read clock signals are in phas?e with each other. 

20. A method as in claim ¥9 wherein each of said plurality of 
regenerated data read clock signals are iry phase with said received data read clock 
signal. / 

21. A method as in clainy 6 wherein said bus interconnects a memory 
controller with at least one memory subsystem, said memory controller, issuing 
said data write clock signal and slid data read clock signal on said first and second 
conductive paths, detecting saia phase relationship of said data write clock signal 
and data read clock signal Lt said predetermined location, and adjusting the 
timing of at least one of said data write signal and said data read clock signal to 
obtain said pre determinecy phase relationship at said predetermined location. 

22. A method as in claim 21 wherein the conductive path over which 
said data write clock s(gnal passes is terminated at ^nd end thereof spaced from 
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said memory controller, said memory subsystem bding located between said 
controller and the terminated end of said data write cdock signal conductive path. 

23. A method as in claim 21 wherein /the path over which said data 
read clock signal passes is a loop back conductive /signal path. 

24. A method as in claim 23 wherem said loop back conductive signal 
path is terminated at an end thereof. / 

25. A method as in claim 23 wnerein said loop back conductive signal 
path terminates at both ends at said mem©ry controller. 

26. A method as in claim 21 wherein said memory controller 
generates said data read clock signal off said date write clock signal. 

27. A method as in claim 26 wherein said memory controller adjusts a 
phase relationship between said cpta write clock signal and data read clock signal 
using a phase lock loop or delay lock loop which sets a phase relationship 
between said data write cl®ck signal and data read clock signal at said 
predetermined location. / 

28. A method/as in claim 27 further comprising receiving at said 
phase lock loop feedbacW signals representing the relative phase relationship of 
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said data write clock signal and data read clock signzJ at said predetermined 
location and using said relative phase relationship to admst the phase relationship 
of said data write clock signal and data read clock signal at said predetermined 
location. / 

29. A method as in claim 9 wherein said memory subsystem 
comprises a plurality of memory storage devices/and is connected over said bus to 
a memory controller, said memory controller issuing a data write clock signal 
which is received at said memory subsystem, said method further comprising 
regenerating a plurality of data write clo(tk signals from a received data write 
clock signal and respectively providing said regenerated data write clock signals 
to said memory storage devices. / 

30. A method as in claim 29 further comprising issuing a plurality of 
data read clock signals from said/nemory controller which are received at said 
memory subsystem and respeotively providing said received data read clock 
signals to said memory storage/devices. 

31. A method as in claim 29 fiirther comprising issuing a data read 
clock signal from said memory controller and regenerating from said issued data 
read clock signal a pluralrty of regenerated data read clock signals and respectively 
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applying said plurality of regenerated data read cloc^ signals to said memory 
storage devices. 

32. A method as in claim 31 wherein /regeneration of said data read 
clock signals is performed at a motherboard whicp contains said bus. 

33. A method as in claim 9 wherein said memory subsystems are 
spaced along said bus such that when a dap read clock signal and a data write 
clock signal are received thereat a predetermined minimum time exists between 
them. 

34. A method as in claim /3 3 wherein said predetermined minimum 
time is such that a data read cIock signal does not arrive at a said memory 
subsystem during a period of tim^following initialization of a data write signal, 
said period of time being about 90% of the period of the data write clock signal. 

35. A mediod as in claim 32 wherein at least one of said regenerated 
data read signals is used in saip phase relationship determination. 

36. A method ai in claim 29 wherein said memory subsystem includes 
a register for receiving command and address data from command and address 
paths of said bus, said/ method further comprising providing command and 
address data to said rnemory storage devices, regenerating an additional data 
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write clock signal from said received data write clocl^ signal, and using said 
additional regenerated data write clock signal to contro/ the capture of command 
and address data within said register. 

37. A method as in claim 36 wherein thi frequency of said additional 
data write clock signal is at a frequency of X/N Wnere X is the frequency of said 
received data write clock signal and N is an integar. 

38. A method as in claim 9 wheyein said memory subsystem is a 
memory module which is capable of being socKet connected to said bus. 

39. A method as in claim 9/ wherein each memory subsystem 
comprises a plurality of memory storage devices, said method further comprising 
issuing a data ready signal from at least one of said memory storage devices onto 
said bus when said plurality of memory^torage devices are about to place data on 
said bus. 
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40. A method as in claim 9 wherein each memory subsystem is 
coupled to a memory controller over said bus and each memory subsystem 
comprises a plurality of memory storage devices, said method fiirther comprising 
calibrating the turn on time of d^a receivers in said memory controller using a 
known data pattern contained in at least one of said memory storage devices. 
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41. A metJiod as in claim 40 wherein said Act of calibrating comprises 
writing said known data pattern to said at least one memory storage device, 
issuing a read command to said at least one memory storage device from said 
memory controller, detecting an aligning edge of said known data pattern at said 
memory controller and determining the time Jbetween the issuance of said read 
command and the aligning edge of said known data pattern and using said 
determined time difference to turn on dam receivers in said memory controller 
following issuance of a read command. / 

42. A clock system for a dataf bus, comprising: 
a data bus comprising: / 

a plurality of data paths; 

a first clock sigrpl path for propagating a first clock signal in a 
first direction along said trus; 

a second cIock signal path for propagating a second clock signal 
in a second direction opposite to said first direction along said bus; 

a bus controller for issuing said first and second clock signals in 
said first and second clock signal paths; and 
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circuitry for causing said first and second clock signals to have a 
\ predetermined phase relationship with respe/t to each other at a 

predetermined location along said bus. / 

43. A system as in claim 42 wheretn said predetermined phase 
relationship is substantially an in-phase relationsmp. 

44. A system as in claim 42 whereim said circuitry comprises the signal 
propagating characteristics of said first and second clock signal paths. 

45. A system as in claim 44 \ynerein said circuitry includes the path 
lengths of said first and second clock signal paths. 

46. A system as in claim 42 wherein said circuitry is a phase detecting 
circuit associated with said bus comxoller, said phase detecting circuit detecting 
the phase relationship of said firs/ and second clock signals at said predetermined 
location and adjusting at least ©ne of said first and second clock signals to obtain 
said predetermined phase relaponship. 

47. A system as /in claim 46 wherein one of said clock signals is a data 
write clock signal and the/other clock signal is a data read clock signal. 
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48. A system as in claim 47 furtJier compcising a plurality of data 
input/output devices coupled to said bus, said input/'output devices receiving 
said data write clock signal and said data read clock signal. 

49. A system as in claim 42 wherein sa^d predetermined location is at 
a location along the length of said first and second conductors between first and 
second locations where said first and seconcy conductors supply said first and 
second clock signals to said input/output devices. 

50. A system as in claim 49 wherein said predetermined location is 
substantially the midpoint of said first arp second locations. 

51. A system as in claim 4y wherein each of said input/output devices 
comprise a memory subsystem and yone of said first and second clock signals is a 
data write clock signal, and the o/ther of said first and second clock signals is a 
data read clock signal. / 

52. A system as in claim 51 wherein said data write and data read 
clock signals have the same /clock period and wherein said memory subsystems 
are spaced along said bus and said predetermined phase relationship and distance 
of said memory modules fl-om said predetermined location is such that the phase 
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deviation of said data write and data read clock sigrjMs at any one of said memory 
subsystems is less than one half of a data bit time./ 

f\ / 

53. A system as in claim 52 wherein said memory subsystems are 
equally spaced along said bus. / 

54. A system as in claim 51 whpein each of said memory subsystems 
comprises a plurality of memory storage devices, said system fiirther comprising a 
data write regeneration circuit which regenerates a plurality of data write clock 
signals from a received data write glock signal and respectively supplies said 
regenerated data write clock signals to said memory storage devices. 

55. A system as in claim 54 wherein said plurality of regenerated data 
write clock signals are in phase with each other. 

56. A system as iry claim 55 wherein said plurality of regenerated data 
write clock signals at said memory storage devices are in phase with said data 
write clock signal received/at an associated memory subsystem. 

57. A systernf as in claim 54 wherein said data write clock generating 
circuit comprises a pmrality of buffer circuits for respectively providing said 
plurality of regenerated data circuit clock signals. 
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58. A system as in claim 54 wherein said data write clock regenerating 
circuit comprises a phase lock loop circuit. / 

59. A system as in claim 51 whereiryeach of said memory subsystems 
comprises a plurality of memory storage devices, said system further comprising a 
circuit for regenerating a plurality of dap read clock signals and respectively 
providing said plurality of regenerated data read clock signals to said plurality of 
memory storage devices. / 

60. A system as in claim 59 wherein said circuit for regenerating said 
data read clock signals is located^ at a motherboard which contains said bus. 

61. A system zshi claim 60 wherein said regenerated read data clock 
signal is generated insid^ a transmitting device which generates said data write 
clock signal and data nfad clock signal. 

62. A ysystem as in claim 60 further comprising a phase detector 
associated with /aid bus controller for detecting the phase relationship of said 
data write cIogk signal at said predetermined location and adjusting at least one 
of said writ/ clock signals and read clock signals to obtain said predetermined 
relationship. 
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63. A system as in claim 62 wherein at leas/ one of said plurality of 
\ regenerated data read signals is used by said phase detector to detect said phase 

relationship. 

64. A system as in claim 59 wherein said each of said plurality of 
regenerated data read clock signals are in phase with each other. 

65. A system as in claim 64 wherein each of said plurality of 
regenerated data read clock signals are in phAse with said received data read clock 
signal. 

66. A system as in claim 59 wherein said circuit for regenerating said 
plurality of data read clock signals comprises a plurality of buffer circuits. 

67. A system as in claim^9 wherein said circuit for regenerating said 
plurality of data read clock signals Comprises a PLL circuit. 

68 . A memory systerry comprising: 

a data bus comprisiiYg a plurality of read/write data paths, a data write 
clock signal path for propagating a data write clock signal in a first direction 
along said bus, and a data read clock signal path for propagating a data read clock 
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signal in a second direction along said bus, said second/direction being opposite 
said first direction; / 

a memory controller coupled to said bus/ for respectively issuing said 
data write and data read clock signals on said data write and data read clock 
signal paths and for setting a predetermined phase relationship between said data 
write and data read clock signals at a predetermmed location along said bus; and 

at least one memory subsystem c®upled to said bus for exchanging 
data with said memory controller in accordance with timing set by said data write 
and data read clock signals. / 

69. A memory system as ia claim 68 wherein each said memory 
subsystem comprises a plurality of m^nory devices which transmit data to and 
receive data from said data bus in a/cordance with said timing set by said data 
write and data read clock signals. / 

70. A memory systeny as in claim 69 further comprising a plurality of 
memory subsystems coupled m said bus at spaced locations therealong, said 
predetermined location being^ located between a first location where a memory 
subsystem which is nearest t^ said memory controller is coupled to said bus and a 
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second location where a memory subsystem wMch is fartiiest from said memory 
controller is coupled to said bus. / 

%\ / 

71. A memory system as in cla|im 70 wherein said predetermined 
location is located substantially midway of slaid first and second locations. 

72. A memory system as in claim 68 wherein said memory controller 
has an associated phase lock loop ci/cuit for maintaining said predetermined 
phase relationship, said phase lock loop or delay lock loop circuit receiving data 
write and data read clock signals frc&m said predetermined location as inputs and 
providing an output which adjustsr the phase relationship of issued data write and 
data read clock signals. / 

73. A memory subsystem as in claim 68 further comprising a plurality 
of memory subsystems spaded along said bus and wherein said data write clock 
signal and data read clc&ck signal have the same period, and wherein said 
predetermined phase relationship and distance of said memory subsystems from 
said predetermined location is such that the phase deviation of said data write 
and data read clock s/gnal at any one of said memory subsystems is less than one 
half of a data bit tirr/e. 
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74. A memory system as in claim 68 wher^n said memory subsystem 
comprises a plurality of memory storage device/ and a data write clock 
regeneration circuit for regenerating a plurality of olata write clock signals from a 
data write clock received from said bus arta respectively providing said 
regenerated data write clock signals to said memory storage devices. 

75. A memory system as in claim/68 wherein said memory subsystem 
comprises a plurality of memory storage nevices, said memory system further 
comprising a data read clock regeneration circuit for regenerating a plurality of 
data read clock signals from a data readr clock signal received from said bus and 
respectively providing said plurality om-egenerated data read clock signals to said 
plurality of memory storage devices. / 

76. A memory sysrem as in claim 75 fiirther comprising a 
motherboard which contains safd bus, said data read clock regenerating circuit 
being provided at said motherpoard. 

77. A memory s/stem as in claim 76 wherein said regenerated read 
data clock signals are generated inside a transmitting device which generates said 
data write clock signal an4 data read clock signal. 
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78. A memory system as in claim 68 wMerein said data write signal 
path is terminated at an end thereof spaced from/said memory controller, said 
memory subsystem being located between said /controller and said terminated 
end, and said data read clock signal path is a loop back signal path. 

79. A memory system as in clairn 78 wherein said loop back signal 
path is terminated at an end thereof. / 

80. A memory system as in dlaim 78 wherein said loop back signal 
path terminates at both ends at said memory controller, 

81. A memory system as iii claim 68 further comprising a plurality of 
memory subsystems spaced along /aid bus such that when a data write clock 
signal and a data read signal Are received at each memory subsystem a 
predetermined minimum time coasts between them. 

82. A memory system as in claim 81 wherein said predetermined 
minimum time is about 50%/of a data bit time. 

83. A memory system comprising: 

a data bus comprising a plurality of read/write data paths, a data write 
clock signal path for propagating a data write clock signal in a first direction 
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along said bus, and a data read clock signal path for propagating a data read clock 
signal in a second direction along said bus, said secpnd direction being opposite 
said first direction; 

a memory controller coupled to sai^f bus for respectively issuing said 
data write and data read clock signals on sAid data write and data read clock 
signal paths and for setting a predeterminecl phase relationship between said data 
write and data read clock signals at a predetermined location along said bus; and 

a plurality of memory subs/stems coupled to and spaced along said 
bus for exchanging data with said rryemory controller in accordance with timing 
set by said data write and data readyclock signals; 

said memory controller setting a phase relationship between said data 
write and data read clock sigmals at said predetermined location which ensures 
that at any one of said mempry subsystems a data read operation is not initiated 
following initiation of a data write operation during a time period which is equal 
to about 50% of the period of a data bit time. 

84. A memory module comprising: 

a pluralitwof memory devices provided on a support structure; 
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a data write clock line for receiving a dataf write clock signal; and 

a data write clock regeneration circuiycoupled to said data write clock 
line and said memory devices for respectively nroviding a plurality of regenerated 
data write clock signals to said memory devides. 

85. A memory module as in ^ain/^^^rther comprising a register for 
receiving at least one of command yand address signals, the outputs of said 
register being coupled to said memory devices, said data write clock regeneration 
circuit providing a regenerated data write clock signal to said register. 

86. A memory mouule as in claim 85 wherein the data write clock 
signal provided to said register is at a lower frequency than the data write clock 
signals provided to said memory devices. 

87. A memory module as in claim 84 further comprising a plurality of 
data read clock lines fo^rp^eiving and providing respective data read clock signals 
to said memory devic^. 

88. A bus structure for a memory system comprising: 
a pluraUty of data paths; 
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a first write clock signal path for propagaling a data write clock signal 
^^^^ ^ ^ ^^^^ direction along said bus; / 

a second read clock signal path for nropagating a data read clock signal 
along said bus; and / 

a data read clock regeneration circuit coupled to said second read 
clock signal path for regenerating a plurality of data read clock signals from a 
read clock signal received on said se^nd read clock signal path, 

said bus further comorising a plurality of additional read clock signal 
paths for respectively receiving said regenerated data read clock signals and 
propagating them in a second direction along said bus, said second direction 
being opposite to said first pirection. 



